INTRODUCTION
A STRUCTU~L investigation of the dioctahedral mica polytype 2M 2 is quite expedient not only because it may reveal some new data concerning a peculiar mica, but also because it is closely connected with problems of crystal chemistry and polytypism of micas in general. Indeed, in principle six possible mica polytypes consisting of centrosymme.trical layers and sarisfying the homogeneity condition are subdivided into two distinct groups: 1--1M, 2M 1, 3 T; and 2--2M2, 20, 6H which are distinguished by the relative orientation of adjacent layers, differing by even (group 1) or odd (group 2) numbers of 2n/6. These groups differ diffractionally by positions and intensities of reflections with k = 3n (indices correspond to axes with b = a x/3).
If the formation and existence of polytypes of group 1 is quiteclear and natural, the same is not so easy to comprehend for polytypes of group 2. As shown by Bailey (1967) , the action of octahedral cations is in favor of a "cubic" packing of oxygens in a layer. Such layers have been designated by Franzini (1969) as layers A in contrast to layers B with "hexagonal" packing of oxygens. Orientations of group 1 give nearly a close packing of oxygens and an octahedral coordination of cations in the interlayers. In contrast to this, in polytypes of group 2 favorable arrangements of oxygens both inside the layer and in the interlayers cannot be simultaneously realized. If, say, all the layers are of type A, the oxygens in the interlayers are directly stacked, one over another, forming prismatic polyhedra. As a consequence, polytypes of group 2 are less probable and only 2M2 has been found experimentally and then quite seldom.
In order to explain the existence of 2M2, Radoslorich (1958) supposed a hexagonal geometry of the tetrahedral sheets for such cases. Franzini (1969) has found another possibility for the formation of 2M 2 polytypes by alternation of layers A and B in the structure. In such a condition the interlayers are the same as for group 1 and the ditrigonal geometry of tetrahedral sheets is not an obstacle. As it is difficult to understand the reason for differences of adjacent layers in one and the same structure, one may suppose that an alternation of mode packing takes place inside each layer in dependence on the relative orientation of the octahedral sheet with the lower and upper tetrahedral sheets. All layers are thus equivalent and the structure is homogeneous, but polar. This model has the symmetry Cc in accordance with observed reflection absences, in contrast with symmetry C[ proposed by Franzini. Independent of these considerations, the proposals of Franzini were acceptable only for trioctahedral micas, because dioctahedral B-layers would have H: bonds between OH and Ob,s not c0nfirmed by i.r.-data. Meanwhile, dioctahedral 2M 2 micas do exist, as has been shown by Drits et al. (1966) and Sokolova (1966) . All this underlines the necessity of a detailed structural analysis of such a mica and that is the purpose of this work.
STRUCTURE DETERMINATION For a structural study by means of high-voltage electron diffraction, a sample kingly given us by Mkhitarian (1969) was chosen from a number of dioctahedral 2M 2 micas of different origin and structural order. The sample gave very high quality oblique texture electron diffraction patterns (see Fig. 1 ). Unfortunately, this sample contained some non-separable foreign material. Therefore, the chemical analysis (Table 1) could not be recalculated directly to give a structural formula. Electron microprobe analysis established that a considerable amount of Si was concentrated on areas greater than 10 #m, and Ca and Fe were related to inclusions about 1 5/~m in dimensions. Areas with constant proportions of K, A1, Si were found, and these areas should be attributed tO the 2M 2 mica. The surface of the powdered specimen did not satisfy the requirements for quantitative estimation of the chemical composition. According to spectral data, the specimen contains no noticeable amount of Li and cannot be a lepidolite. It differs from giimbellite by the absence of Mg. Under such conditions, the structural formula was deduced by using the subsequently established structural data.
The structural analysis was based on high-voltage oblique-texture patterns, which are advantageous in such cases, obtained with multiple exposures at optimum and maximum angles (60 and 70~ It is essential that reflections, which would coincide i.n an ideal case The intensities have been estimated by comparison of patterns with multiple exposures. The most distinct reflections were measured with a photometer. The intensities so measured were used as standards for estimation of intensity of other reflections. F2-values were calculated by means of experimentally justified local intensity formulas (Vainstein, 1964) .
The structure was determined by successive refinements of an initially ideal model constructed of threesheet layers of a muscovite composition KAI2(Si3AI) O10(OH)2 with a hexagonal geometry of tetrahedral sheets, disposed in a sequence ~5 a4 as q4. 9 9 (Zvyagin, 1967) . The relative displacements ai are counted off in a coordinate system with axes a and b = a~3 . Therefore, the structural model has the angle c~ > ~/2. Since the glide plane c passes outside the previously chosen origin in a vacant octahedral site, the transition to a standard setting was realized by an interchange of axes a,b and by transition of the origin in the position 1/4, -1/4. The initial coordinate system (with b = a x/3), in which all polytypes are considered, is right-handed and the resulting system is left-handed. In order to use a right-handed system, the structure is reflected in the plane bc. The model was also subjected to a homogeneous shearing deformation in a negative direction along the a-axis, in order to satisfy the real value of/3. The structure refinement proceeded by means of plane sections of the three-dimensional potential distribution normal to the b-axis for two variants of the initial models: with layers having or not having symmetry centers (space groups C2/c or Cc). In the second case, the tetrahedra were rotated by 5 ~ but differently for the two tetrahedral sheets of a layer; i.e. according to the "cubic" law in one sheet and the "hexagonal" law in the other. Incidentally, this rotation permitted check of the plausibility of a change in the packing mode of oxygens inside a layer.
It became evident after several stages of refinement that the oxygens were being displaced into centrosymmetrical positions, so the subsequent refinement proceeded within the limits of the space group C2/c.
In view of the complete or partial overlapping of many reflections, only 145 distinct and Well separated reflections of the first four ellipses were used in the first stages of refinement. Later, the intensities of composite reflections were divided in the ratios of Fc, lc 2 corresponding to the increasingly refined structure. The final refinement by means of least squares in an iso- The initial configuration of (3) and (5) characterized the structure of the interlayer space.
As the tetrahedral sheets have a ditrigonal geometry, the K-cations are inside slightly sloped trigonal prisms, the average K-O distance being 2.859 A. In the projection 0n ab the edges of the tetrahedral bases are rotated relative to their ideal hexagonal geometry through angles indicated in Table 4 , the average rotation angle being 11.5 ~ The oxygens forming the bases of the tetrahedra have different z-coordinates so that these bases are inclined to the plane ab by an average of 5-5 ~ and the surface of the basal oxygens is corrugated. The direction of the corrugations is parallel to the reflection planes m of single layers, along which oxygens with the least absolute values of z-coordinates are lying, with indexes [110] and [110] in the layers a S and 64, respectively. Table 2 . Atomic coordinates (with standard deviations) and individual thermal coefficients for the 2M2-structure tropic approximation has been taken to a value R -~ 11.7 per cent for all reflections. The resulting atomic coordinates and interatomic distances are given in Tables 2 and 3 . The normal projection of the structure on the plane ab is schematically drawn in Fig. 2 .
DISCUSSION
Even the first steps of refinement made it clear that a 'cubic' packing of oxygens is preserved inside the layers of the 2M2 mica; thus, the above mentioned 'unfavorable' stacking of layers is the observed mode. This peculiarity, a result of the interaction between tetrahedral oxygens and octahedral cations, has proved to be energetically 'bearable' and did not prevent the formation of the dioctahedral 2M 2 mica. This stacking of layers and concomitant repulsion of adjacent O, results in an increase of the interlayer thickness to a value q = 3'41A. There is also a repulsion between Si-atoms which leads to the displacement of layers in the direction of the a-axis by a value -0'018a = -0"16,~. As seen from Table 2 , the two symmetrically independent tetrahedra T 1 and T 2 differ in their interatomic distances. The average bond lengths T-O are 1.619 and 1.654 A, indicating that there is an ordered distribution of isomorphous replacement of A1 for Si mainly in the T 2 tetrahedra. Applying the relation d,,, = dsi~o(l -x)+ dAI_oX, where ds~_o = 1.62 and dAl_O = 1"77, the following contents of tetrahedra are deduced: T~ = Si, T2= Sio.7sAlo.25.
The cations T1 are essentially in the centers of tetrahedra, while cations T2 approach O,p and move away from the bases, the distance T2-Oap being even less than Tj O,p despite the corresponding average T-O distances being greater for T 2 than for T~. This phenomenon, observed also for other layer silicates, accompanies the substitution of A1 for Si. As Aleksandrova et al. (1972) have indicated, a weaker cation has to approach closer to O,p in order to saturate its unsatisfied valence. At the same time, the cation is farther from Oba s and the increasingly unsatisfied valences of the latter oxygens are partially saturated by Si approaching closer to them. These shifts cause contraction of the bases of Si-tetrahedra and expansion of the bases of Al-tetrahedra. The unsatisfied valences are partially saturated by interlayer cations.
The octahedral sheet has the distortions usual for dioctahedral micas. The octahedra are flattened and the surface of the bases has a ditrigonal geometry. The rotation angles of the edges of the octahedra (Table 4) are in the range 4.5-7 ~ (the average value is 5-5~ Because of this rotation, the shared octahedral edges are shortened, The edge OH-OH (2-569 A) is the longest of the shared edges; in muscovite (Gti'ven, 1971) this edge is the shortest one (2'402 A).
It is essential that, whatever the polyhedra distortions, the average O-O and M-O distances be in the same relation as for regular polyhedra with centered cations, in accordance with the conclusions of Drits (1970) . The multiplicity values for K and A1, found by least squares, and the indicated tetrahedral compositions correspond to a forrriula Ko.sAl~.94 [Si3.5Ai0.5] Olo.t(OH)l.9. By taking into account the degree of replacement of A1 for Si, the structural formula may be dedt~ced from the chemical analysis. The calculations have been carried out for three variants: (a) considering Fe also as an octahedral cation; (b) supposing A1 occupies all octahedral positions: and (c) accepting the deficiency of octahedral cations (only A1) indicated by least squares. A lack of O,OH compared to the required (O,OH)I 2 has been obtained in the first case, a surplus in the second case. Only the third variant gave, after a small correction, a satisfactory formula (Ko.6s Nao.o9) (Alz.oa) [Si3.sAlo.s] Olo.o6 (OH)1.94-On this basis only 13"3 per cent SiO2, compared to a total sample silica of 85"8 per cent belongs to the 2M 2 mica. The remaining 72.5 per cent is present as admixtures, mainly quartz.
It is interesting to compare the investigated 2M2 structure tO the structure of lepidolite 2M 2 (Takeda et al., 1971) and muscovite 2M1 (Gfiven, 1971) . Lepidolite belongs to the same 2M2 modification, but differs by composition. Muscovite is qualitatively of the same composition, but has another arrangement of layers. This comparison is aided by Table 5 , where structural formulas and some other features of these minerals are given. Lepidolite 2M2 has nearly the same degree of tetrahedral replacement of A1 for Si, but differs by having Li, as 1/3 of the octahedral cations, randomly distributed over all occupied octahedra. Obviously, the low degree of replacement for A1 for Si favors the formation of a 2M2 mica with interlayer trigonat prisms. The anion repulsion between adjacent basal oxygen surfaces is therefore decreased. The 2M2 lepidolite occupies an intermediate position between di-and trioctahedral micas, In both 2M2 micas, the oxygen of the layers are packed according to the cubic law and form trigonal prisms in the interlayers. They differ by the angle of tetrahedral twist, which is much less in lepidolite and favors the formation of a 2M2 -structure (Radoslovich. 1958 I. The basal oxygens Ot of lepldolite are more in a plane, which decreases the interlayer thickness q. In muscovite, q also has a lesser value, but for another reason, the closer packing of interlayer oxygens. Lepidolite 2M 2 has a greater K-O distance despite the lesser r/-value, obviously a result of a lesser angle of tetrahedra] twist c~ and a greater a-value. K-O distances in the 2M2 and 2M 1 dioctahedral micas are nearly the same. Since the angles ~ are equal, the decrease of t/m muscovite 2M 1 is compensated by an mcrease in b (2M1) against a (2M:). Both 2M2 micas have the same kind of lattice distortion as expressed by the ratio c.cos fl/a. but this distortion is greater, as it should be. in the pure dioctahedral case. In both 2M2 micas the tetrahedra T~ and T 2 are nonequivalent. This non-equivalence is also more pronounced in the dioctahedral case. In both cases the T2 cations are displaced towards O~p.
